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ACRONYM  Definition  

ATV Automated Transfer Vehicle  

CIR  Combustion Integrated Rack  

FIR  Fluids Integrated Rack  

GRC Glenn Research Center  

HiRAP  High Resolution Accelerometer Package  

MAMS  Microgravity Acceleration Measurement System  

NASA  National Aeronautics and Space Administration  

OARE  Orbital Acceleration Research Experiment  

OSS  OARE Sensor Subsystem  

PIMS  Principal Investigator Microgravity Services  

RTS  Remote Triaxial Sensor  

SAMS  Space Acceleration Measurement System  

SE  Sensor Enclosure  

TSH-ES  Triaxial Sensor Head Ethernet Standalone  
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NASA’s Physical Sciences Research Program conducts fundamental 

& applied research with experiments in various disciplines such as… 

Fluid Physics 

Combustion Science 

Materials Science 

Fundamental Physics 

Complex Fluids 
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NASA’s Physical Sciences Research Program conducts fundamental 

& applied research with experiments in various disciplines such as… 

Fluid Physics 

Combustion Science 

Materials Science 

Fundamental Physics 

Complex Fluids 

 
SAMS/MAMS were designed to support these various science 

disciplines, and along with PIMS for analysis, these projects at 

NASA GRC also fill an ongoing role in support of… 

Vehicle Loads and Dynamics Monitoring 

Technology Developers 
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NASA’s Physical Sciences Research Program conducts fundamental 

& applied research with experiments in various disciplines such as… 

Fluid Physics 

Combustion Science 

Materials Science 

Fundamental Physics 

Complex Fluids 

 
SAMS/MAMS were designed to support these various science 

disciplines, and along with PIMS for analysis, these projects at 

NASA GRC also fill an ongoing role in support of… 

Vehicle Loads and Dynamics Monitoring 

Technology Developers 

collaboration 
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Microgravity Community Feedback Model 
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HIGHLIGHTS 
 

• Real-Time Displays:  http://pims.grc.nasa.gov/html/PIMS_ISS_plots.html 

• Acceleration Data Archive:  http://pims.grc.nasa.gov/ftp/pad 

• Characterization Handbook:  http://pims.grc.nasa.gov/handbook 

• Plans to Participate in Open Government Initiative 
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YEAR 
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RRS (0.1 arc/s) 
1 sounding rocket, 1 shuttle 

TSH-FF (0.01 to 200 Hz) 
3 sounding rocket, 2 shuttle 

2012 

MAMS HiRAP 
(0.01 to 100 Hz) Station Vibratory 

MAMS OSS 
(DC to 1 Hz) Station Quasi-Steady 

SAMS RTS (Ethernet Distributed) 
(0.01 to 400 Hz) Station Vibratory 

SAMS TSH-ES (Compact Ethernet Standalone) 
(0.01 to 400 Hz) Station Vibratory 

2028 

Timeline of NASA GRC System Deployment 
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Collectively, SAMS & MAMS Sensors Have Been Mounted in 21 Unique Locations 

Location of NASA GRC ISS Sensor Deployment 
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Collectively, SAMS & MAMS Sensors Have Been Mounted in 21 Unique Locations 
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Location of NASA GRC ISS Sensor Deployment 
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Current SAMS and MAMS Sensor Locations 
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SAMS 

SE F02, MSG upper left seat track 

SE F03, ER2 lower Z panel 

SE F04, ER1 lower Z panel 

SE F05, ER4 drawer 2 

SE F08, ER3 seat track  

TSH-ES05, CIR 

TSH-ES06, FIR 

 

MAMS 

ER1 
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 over 179,283 sensor-hours 

more than 7 terabytes 

Since May of 2001 on the ISS, SAMS and MAMS have collected 
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Monthly % of Time Coverage 

over 197,000 sensor-hours Approx. 95,000 actual hours 
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Overview of Microgravity Environment 
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Basic Characterization 

spectrogram: a roadmap that shows 

boundaries & structure in time & frequency 
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Ku-Band Antenna, Qualify 

• Frequency range ~ 5 to 17 Hz 
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Ku-Band Antenna, Qualify 

• Frequency range ~ 5 to 17 Hz 

• Orbital variations to track “current” satellite 
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Ku-Band Antenna, Qualify 
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• Frequency range ~ 5 to 17 Hz 

• Sporadic events to acquire “next” satellite 

• Orbital variations to track “current” satellite 
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Ku-Band Antenna, Quantify 

•same 8-hour span as previous spectrogram 

• interval RMS (every 10 sec for 5  f < 17 Hz) 

•nominal variations: ~ 0.1 to 0.9 mg RMS 
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Ku-Band Antenna, Quantify 

scale and move interval RMS plot from previous slide… 
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Ku-Band Antenna, Quantify 

…overlay (red) moving average of (black) interval RMS… 
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Ku-Band Antenna, Quantify 

…recolor moving average & underlay spectrogram! 



National Aeronautics and Space Administration (NASA) Glenn Research Center 

32 

Ku-Band Antenna, Quantify 

…recolor moving average & underlay spectrogram! 

intensity correlates with frequency with a few 

notable exceptions (in white boxes) when 

some of higher vibes occur while frequency is 

just above 10 Hz or so 
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BEFORE DURING 

x-axis 1.4 mgRMS 

y-axis 1.0 mgRMS 

z-axis 1.2 mgRMS 

x-axis 1.3 mgRMS 

y-axis 1.0 mgRMS 

z-axis 1.1 mgRMS 

ATV3 Reboost GMT 31-Mar-2012 
0 < f < 200 Hz 

±
 1

0
 m

g
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ATV3 Reboost GMT 31-Mar-2012 
BEFORE DURING 0 < f < 6 Hz 

±
 1

 m
g
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ATV3 Reboost GMT 31-Mar-2012 
BEFORE DURING 

x-axis 0.3 mg step 
 

duration ~7min 

0 < f < 6 Hz 

±
 1

 m
g
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ATV3 Reboost GMT 31-Mar-2012 
BEFORE DURING 

x-axis 0.3 mg step 
 

duration ~7min 

y-axis structural 
 

mode excitation 

0 < f < 6 Hz 

±
 1

 m
g
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ATV3 Reboost GMT 31-Mar-2012 
Top 2 subplots focus on max spectral peak between 0.05  f < 0.15 Hz 

freq @ 

max PSD 

RMS value 
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ATV3 Reboost GMT 31-Mar-2012 
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BEFORE  ~2 ugRMS 

Top 2 subplots focus on max spectral peak between 0.05  f < 0.15 Hz 

freq @ 

max PSD 

RMS value 
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ATV3 Reboost GMT 31-Mar-2012 
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BEFORE  ~2 ugRMS 

Top 2 subplots focus on max spectral peak between 0.05  f < 0.15 Hz 
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DURING  ~20 ugRMS 

freq @ 

max PSD 

RMS value 
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ATV3 Reboost GMT 31-Mar-2012 
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BEFORE  ~2 ugRMS 

Top 2 subplots focus on max spectral peak between 0.05  f < 0.15 Hz 
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DURING  ~20 ugRMS 

~0.1 Hz is “mode one” 

freq @ 

max PSD 

RMS value 
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“Mode One” Analysis 

8 months 
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“Mode One” Analysis 

each vertical strip is a spectral 

average of 8 hour’s worth of PSDs 

calculated with frequency 

resolution of 0.000271 Hz 
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“Mode One” Analysis 
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“Mode One” 

Z-axis 

Y-axis 

X-axis 

The small plots on this slide 

give x-, y-, z-axis components 

of same data as previous slide. 

During two separate shuttle-

docked periods, we see the X- 

and Z-axis of the station/shuttle 

ensemble has a mode between 

about 0.11 and 0.12 Hz. 

Predominantly Y-Axis. 



National Aeronautics and Space Administration (NASA) Glenn Research Center 

45 

“Mode One” 

GMT Hour Span 

Z-axis 

Y-axis 

X-axis 
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“Mode One” Analysis 
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“Mode One” Analysis 
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“Mode One” Analysis 

2028 
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Robonaut Ops, Qualify 

Spectral signature is non-distinctive when 

viewed on typical roadmap spectrogram, but 

zoom in around 47 Hz or so, and… 
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Robonaut Ops, Qualify 
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Robonaut Ops, Quantify 
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ATV1 Docking GMT 03-Apr-2008 

initial contact 

driving latches 

ATV1  ~   20,000 kg (44,000 lb) 

ISS  > 450,000 kg (990,000 lb) 
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Progress Reboosts 

statistics 

for 24 

reboost 

events 
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Impacts/Crew Exercise: ISS 

Equipment Frequency (Hz) ugRMS 

CEVIS 2.6 70 

Velo 4.6 14 

T2 (isolated) <10 40 

T2 (non-isolated) <10 590 

CEVIS 

Velo 
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Impacts/Crew Exercise: ISS 

Equipment Frequency (Hz) ugRMS 

CEVIS 2.6 70 

Velo 4.6 14 

T2 (isolated) <10 40 

T2 (non-isolated) <10 590 

Treadmill 2 (T2) 

CEVIS 

Velo 
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2 spectral peaks arise from shoulder sway & pedaling rate with 

excitation of Shuttle structural modes @ 3.5 and 4.8 Hz 

Impacts/Crew Exercise: Shuttle 
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• Ongoing microgravity acceleration services are available 

for principal investigators, structural studies, sustaining 

engineering, technology developers and the microgravity 

community at-large (CSA, JAXA, ESA, etc.) 

• SAMS has the ability to instrument and measure in all 3 

laboratories (LAB, JPM, COL) for the vibratory regime 

• MAMS has the ability to measure quasi-steady 

acceleration and map to arbitrary locations on the ISS 

(rigid body assumed). 

 

Moving Forward 
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Description for “Best 4-Hours” Plot 
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30-Day Summary for LAB (MSG) Location, f < 10 Hz 
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30-Day Summary for LAB (MSG) Location, f < 10 Hz 
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Crew Activity, MSG Ops 

93ugRMS, f < 10 Hz 
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30-Day Summary for LAB (MSG) Location, f < 10 Hz 

63 

Best 4-hour span 

starts at GMT hour 02 

(during crew sleep) 

54ugRMS, f < 10 Hz 
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30-Day Summary for COL (ER3) Location, f < 10 Hz 
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ER3 Columbus module location 

also has its best 4-hour span 

starting at GMT hour 02 
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30-Day Summary for LAB (ER2) Location, f < 10 Hz 
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However, ER2 location has its 

best 4-hour span starting at 

GMT hour 01 
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30-Day Summary for LAB (ER2) Location, f < 10 Hz 
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Before we leave this slide, note the 

vertical axis upper limit of 140 ugRMS 

for frequency below 10 Hz… 
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30-Day Summary for LAB (ER2) Location, “mode one” 
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…compared to upper limit of 6 ugRMS 

for same data set except we are now 

dialed into “mode one” frequency range. 
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Plans to participate in…  


